Mitochondrial DNA transmission, replication and inheritance: a journey from the gamete through the embryo and into offspring and embryonic stem cells.
Mitochondrial DNA (mtDNA) encodes key proteins associated with the process of oxidative phosphorylation. Defects to mtDNA cause severe disease phenotypes that can affect offspring survival. The aim of this review is to identify how mtDNA is replicated as it transits from the fertilized oocyte into the preimplantation embryo, the fetus and offspring. Approaches for deriving offspring and embryonic stem cells (ESCs) are analysed to determine their potential application for the prevention and treatment of mtDNA disease. The scientific literature was investigated to determine how mtDNA is transmitted, replicated and segregated during pluripotency, differentiation and development. It was also probed to understand how the mtDNA nucleoid is regulated in somatic cells. mtDNA replication is strictly down-regulated from the fertilized oocyte through the preimplantation embryo. At the blastocyst stage, the onset of mtDNA replication is specific to the trophectodermal cells. The inner cell mass cells restrict mtDNA replication until they receive the key signals to commit to specific cell types. However, it is necessary to determine whether somatic cells reprogrammed through somatic cell nuclear transfer, induced pluripotency or fusion to an ESC are able to regulate mtDNA replication so that they can be used for patient-specific cell therapies and to model disease. Prevention of the transmission of mtDNA disease from one generation to the next is still restricted by our lack of understanding as to how to ensure that a donor karyoplast transferred to an enucleated oocyte is free of accompanying mutant mtDNA. Techniques still need to be developed if stem cells are to be used to treat mtDNA disease in those patients already suffering from the phenotype.